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@ Improved spot deposition for liquid ink printing. 

© A method of depositing spots of liquid ink upon 
selected pixel centers on a substrate having poor ink 
absorptive properties so as to prevent the flow of 
liquid ink from one spot to an overlapping adjacent 
one. The line of information is printed in at least two 
passes so as to deposit spots of liquid ink on se- 
lected pixel centers in a checkerboard pattern 
wherein only diagonally adjacent pixel areas are 
deposited in the same pass. On the second pass the 

^complementary checkerboard pattern is deposited. 

^Ink is not deposited on horizontally or vertically 
adjacent pixel areas during the single pass since the 

^ spots on these adjacent areas have overlapping por- 

f*^ tions. 
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IMPROVED SPOT DEPOSITION FOR LIQUID INK PRINTING 



The present invention relates to a method of 
ink droplet printing comprising selectively deposit- 
ing ink droplets on a substrate to form an image of 
ink spots, the droplets being selectively directed to 
abutting pixel areas in horizontal and vertical rows 
with diagonally adjacent ink spots being substan- 
tially in perimeter contact. 

Liquid ink printing may take a number of forms. 
In ink jet printing, exemplified by US-A-4,544.931 
(Watanabe et a/), a liquid droplet is ejected from a 
single scanning nozzle and in US-A-4,593.295 
(Matsufuji ef a/) liquid droplets are ejected from 
multi-nozzle, multi-color heads arranged for scan- 
ning; in electro-osmotic ink recording, exemplified 
by US-A-4.383,265 (Kohashi) ink droplets are made 
to fly from the tip of a needle shaped recording 
electrode: similarly, in electrostatic ink ejection, ex- 
emplified by US-A-4. 166.277 (Cielo et a/>, ink is 
retained in holes of an ink reservoir and is attracted 
out of the holes by the selective application of a 
voltage between the ink and selected electrodes: 
and in acoustic ink printing, exemplified by US-A- 
4.308,547 (Lovelady et a/), a liquid drop emitter 
focusses acoustic energy to eject a liquid ink. Our 
invention for sequencing the pattern of depositing 
ink droplets has equal applicability to each of these 
types of recording devices. It relates to the deposi- 
tion of liquid ink onto selected pixel centers on 
command. 

In a liquid ink recording apparatus, image qual- 
ity is greatly affected by the physical properties of 
the recording substrate because the ink composi- 
tion comprises more than 95% carrier liquid com- 
pared with only a small percentage of a suitable 
dye. The carrier liquid may be. for example, about 
40% ethylene glycol and about 60% water. Since 
the desired marking material is only the dye por- 
tion, the remaining fluid must be driven off or 
absorbed into Lie recording substrate. This does 
not present a major problem with a paper recording 
substrate, because the paper has an affinity for the 
liquid. In fact, special coatings are usually applied 
to it for modifying and optimizing the diffusion 
isotropicity. diffusion speed, adsorption speed and 
reflection density of the deposited ink spots. 

It is well known, however, that recording sub- 
strates of the overhead projection transparency film 
type present a problem in achieving high image 
quality because they have a poor ink spot diffusion 
capability. Although special coatings have been 
developed to shorten the ink drying time, the un- 
derlying Mylar® material is substantially liquid im- 
pervious and the drying time of liquid ink on these 
films does not approach the drying time on paper 
substrates. We have determined that it is the over- 



lapping of still wet ink spots on adjacent pixel 
centers that causes a major image degradation 
problem referred to as "beading". When these 
adjacent ink spots impact the substrate and spread. 

5 ink from one spot will overlap into the region oc- 
cupied by the other. This contact will disrupt the 
surface tension of the spots and ink ^viil be drawn 
into the overlap zone depleting a portion of the ink 
from the remainder of the spot. As a result, the ink 

10 coverage will be non-uniform, causing a beaded, 
mottled appearance with alternate areas of high 
and low color saturation. This problem is aggra- 
vated when color mixing is required, since, in that 
case, each pixel area must be comprised of at 

15 least two superimposed droplets of ink and there is 
more ink to flow and bead between adjacent pixel 
areas. 

In US-A-4.61 7,580 (Miyakawa) there is taught 
an ink jet printing method for depositing drops of 

20 ink upon an overhead transparency film so as to 
obtain high color saturation. It is recognized therein 
that such a film does not absorb ink. In accordance 
with the Miyakawa invention, a plurality of smaller 
ink droplets are ejected onto a normal single-pixel 

25 area with the droplets being shifted slightly from 
one another by a predetermined distance. In Fig- 
ures 3,4 and 5, of the *580 patent, there is shown a 
single pixel area upon which there are deposited, 
respectively, three, four and five smaller ink 

30 droplets. 

In US-A-4.575,730 (Logan et a!) the non-uni- 
form appearance of large area ink jet printing, 
referred to as "corduroy texture or washboard ap- 
pearance" is attributed to non-uniform ink thickness 

35 "due to the thixotropic properties and surface ten- 
sion". Better quality is attempted to be achieved by 
random overlapping of ink spots. 

Although our invention will be described rela- 
tive to a four-color multi-head scanning ink jet 

•to apparatus wherein each head is provided with plu- 
ral nozzles, it should be understood that it is equal- 
ly applicable to other liquid ink spot printing sys- 
tems. In all these systems the spots are generally 
circular and high quality printing of graphic images. 

45 particularly solid areas, is achieved by overlapping 
adjacent spots so as to avoid uninked ("white") 
portions between ink spots. We have found that 
beading will inevitably occur on transparency film 
when overlapping spots of adjacent pixel areas are 

so deposited while the liquid ink is still free to flow. 

Therefore, it is the primary object of this inven- 
tion to provide a method of depositing liquid ink 
spots upon an overhead projection transparency 
film, or the like, which will avoid ink flowing and 
beading between adjacent pixel areas, yet will re- 
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suit in output copy having good color saturation. 

It is another object of this invention to provide 
a method of liquid ink spot deposition upon an 
overhead projection transparency film, or the like, 
by which there will be no color banding between s 
adjacent scanned lines of print when color mixing 
is effected. 

In accordance with the invention, there is pro- 
vided a method of ink droplet printing which is 
characterised by depositing a first pattern of ink w 
spots on an area of the substrate in horizontally 
and vertically alternating pixel areas, and then de- 
positing a second, complementary, pattern of ink 
spots in the remaining pixel areas. 

In the method of the invention, a line of in- /s 
formation is printed in at least two passes so as to 
deposit spots of liquid ink on selected pixel centers 
in a checkerboard pattern. Diagonally adjacent 
pixel areas are deposited in the same pass so that 
there will be no overlap of ink spots from adjacent 20 
pixel areas when the ink is still in a flowable state. 
A second pass deposits the alternate diagonally 
adjacent pixel areas in either a reverse or same 
direction pass. When color mixing is accomplished 
and the second pass is opposite to the first pass, 25 
each horizontally and vertically adjacent pixel area 
will be of a different color. Color banding will be 
avoided, and because of the inability of perception 
of the color difference between horizontally and 
vertically adjacent pixel areas, the printed area will 30 
have the appearance of uniform color. 

In one embodiment, the invention comprises A 
method for improving graphic image formation gen- 
erated by a liquid ink spot printing system so as to 
prevent non-uniform printing caused by ink bead- 35 
ing, said method including depositing spots of liq- 
uid ink on selected abutting horizontal and vertical 
pixel areas on a substrate and comprising the 
steps of providing a substrate, providing liquid ink 
spot producing means adjacent said substrate ca- 40 
pable of simultaneously depositing a number of 
spots onto said substrate on command, selectively 
energizing said liquid ink spot producing means for 
producing droplets of liquid ink and for propelling 
said droplets to said substrate where they form 45 
liquid ink spots, for depositing a first pattern of ink 
spots on an area of said substrate, including first 
spots located upon alternating horizontal and verti- 
cal pixel areas, each of said first spots being of a 
size so that diagonally adjacent ones are substan- so 
tially in perimeter contact, and for depositing a 
second pattern of ink spots on said area of said 
substrate, including second spots located upon al- 
ternating horizontal and vertical pixel areas, each of 
said second spots being of a size so that diag- 55 
onally adjacent ones are substantially in perimeter 
contact, said second pattern being complementary 
to said first pattern. 



Other objects and further features and advan- 
tages of this invention will be apparent from the 
following, more particular, description considered 
together with the accompanying drawings, wherein: 

Figure 1 is a perspective view schematically 
illustrating a multi-color, multi-head, scanning-type 
ink jet printer. 

Figure 2 is a view taken in the direction of 
line 2-2 of Figure 1 . illustrating the nozzle arrays of 
the multi-color, multi-head, recording head assem- 
bly, 

Figure 3 illustrates the location of four adja- 
cent ink spots relative to their pixel areas for high 
quality printing, 

Figure 4 illustrates two serial line scans de- 
posited in the known deposition sequence. 

Figures 5A and 5B illustrate the location of 
selectively deposited liquid ink spots, in accor- 
dance with this invention, on a first and second line 
pass, respectively, 

Figures 6A and 6B illustrate the deposition of 
multi-color spots on a first and second line pass, 
respectively, in accordance with the known deposi- 
tion sequence, and 

Figures 7A and 7B illustrate the deposition of 
multi-color spots on a first and second line pass in 
accordance with the present invention. 

Turning now to Figure 1, there is shown a 
multi-color, multi-head printing mechanism 10 in- 
cluding a carriage 12 mounted for reciprocation (in 
the direction arrow of A-A) upon guide rails 14 and 
16 secured to a frame (not shown) of the printer. 
The carriage is driven rightwardly and leftwardiy 
upon the guide rails by any suitable mechanism 
such as a drive belt 18 supported between idler 
pulley 20 and drive pulley 22, and driven by motor 
24. In order to make full-color recordings, recording 
head cartridges 26Y, 26C, 26M and 26B (for de- 
livering yellow, cyan, magenta and black ink) may 
be mounted in their respective cartridge holders, 
"provided on the carriage 12. Each cartridge holder 
will include the appropriate mechanical, electrical 
and fiuidic couplings for its respective head car- 
tridge, so that selected ink drivers may be ac- 
tivated in response to a suitable drive signal to 
expel ink onto a recording substrate 28 supported 
upon a platen 30. Although the substrate may be 
formed of any suitable material, such as paper, our 
invention has particular advantages for use with 
overhead transparency films. 

In Figure 2, it can be seen that each head 
cartridge 26 (Y, C. M and B) is provided with an 
array of aligned nozzles 32 (schematically illus- 
trated as being of circular cross-section). For a 
resolution of 12 spots per mm. each nozzle would 
be on the order of 25 am in diameter and located 
on 84 urn centers. By appropriately spacing the 
head cartridge from the recording substrate, this 
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arrangement results in spots on vertically aligned 
pixel centers spaced 84 am apart. For obtaining 
the same horizontal resolution, the firing rate of the 
nozzles must be controlled so that the spots are 
also deposited onto 84 am pixel centers. 

In order to achieve high quality print copy it is 
desired that there be complete area coverage with 
no "white" spaces- between spots. This requires 
the relationship of spots 34 to pixels 36 to be as 
illustrated in Figure 3. By selecting a spot size 
diameter to be substantially equal to v 2 times the 
pixel center-to-center distance, the spot size will be 
about 119 um in diameter. Diagonally adjacent 
spots will just touch while horizontally and vertically 
adjacent spots will overlap, resulting in 100% pixel 
area coverage. 

A representation of two subsequent scan lines 
deposited in the known manner, is shown in Figure 
4. Solid area coverage is obtained by firing all of 
the vertical nozzles, simultaneously, at each hori- 
zontal position. Every pixel area is covered. At a 
drop deposition rate of 3KHz. horizontally aligned 
spots are deposited about 0.3 milliseconds apart. 
After the first line has been printed, the second line 
may be printed on the return stroke of the carriage, 
or it may be printed on a second forward stroke. 
The sequence of spot placement is satisfactory for 
printing upon a paper substrate because the ink is 
rapidly absorbed into the paper and dries rapidly 
relative to the placement of horizontally and verti- 
cally adjacent spots. Unfortunately, because of the 
poor absorptive properties of overhead transpar- 
ency film, the print quality obtained by the same 
spot placement and timing is unsatisfactory. We 
know that on a transparency film the liquid ink 
takes longer to dry and that it will take about 0.1 to 
0.2 seconds after deposition for an ink drop to be 
sufficiently tacky to receive an overlapping drop 
without beading. There appears to be an inherent 
conflict in the print quality requirements of the 
known deposition sequence. On the one hand, in 
order to achieve the intense color saturation de- 
sired for projection purposes, total ink area cov- 
erage and overlapping of the spots is desirable, 
while on the other hand, horizontal and vertical 
overlapping of ink between adjacent spots, while it 
is still in its flowable state, as illustrated in Figure 4, 
will cause non-uniformities attributed to beading. 

In our sequencing pattern for depositing spots 
upon a transparency film, at least two passes are 
required per line. We use the checkerboard deposi- 
tion pattern shown in Figures 5A and 5B for placing 
only diagonally adjacent spots in a single pass. On 
a first pass one set of diagonal spots is deposited 
and on a subsequent pass (in either the reverse or 
same direction) the complementary set of diagonal 
spots is deposited. The resultant pixel area cov- 
erage will be the same as that shown in Figure 3, 
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but since the second pass will be deposited more 
than 0.2 seconds after the first array of spots, the 
ink will not flow freely. There is no significant 
overlapping of flowable ink spots in a single pass 
5 as the diagonally adjacent spots barely touch one 
another. Thus, although the liquid ink in each spot 
is still in a flowable state, it does not affect the 
surface tension of its neighbors. According to this 
method there will be no beading and color satura- 
te tion will be excellent due to the approximately 
160% total ink coverage (100% pixel area cov- 
erage plus about 60% overlap coverage). 

In spite of the fact that two passes are required 
in our deposition pattern sequence, there will be 

*5 relatively little, if any, adverse impact upon marking 
speed which is limited by jetting frequency. Since 
each jet is fired only at every other horizontal pixel 
location, the traverse speed of each pass can be 
doubled. For example, if the known deposition pro- 

20 cess is accomplished at about 25 cm. sec' 1 , our 
deposition process can be accomplished in two 
passes of about 50 cm .sec" 1 . Of course, there may 
be some slight speed reduction due to runout and 
drive reversal in a bidirectional mode of* operation 

25 and a somewhat slower operation yet if the car- 
riage must be returned to its starting position for a 
second pass in the same direction. 

The above print pattern sequence has been 
described relative to the printing of the single col- 

30 ors black, yellow, magenta and cyan. When mixed 
colors are to be printed, one color spot is placed 
on top of another. For example, magenta and yel- 
low yields red. yellow and cyan yields green and 
magenta and cyan yields blue. It is well known the 

35 subtractive color mixing will result in slightly dif- 
ferent colors depending upon the order in which 
the inks are deposited. Therefore, the blue created 
by magenta upon cyan will differ in color hue from 
that created by cyan upon magenta. When mixed 

40 color printing is effected bidirectionally, one line at 
a time, in accordance with the well known ink jet 
printing methods, as illustrated in Figures 6A and 
6B. the placement of the head cartridges 26 re- 
quires that the order of overlap of the inks be 

45 reversed from line to line. This causes a disagree- 
able condition known as "color banding" wherein 
alternate lines of a single color area are different 
color hues. 

Although mixed colors are formed by totally 
so overlapping one color spot over another, there will 
be no beading relative to a single superimposed 
pixel area. Beading will still be a problem vis-a-vis 
horizontally and vertically adjacent mixed color 
spots if the known deposition sequence of Figures 
55 6A and 6B is followed. However, by depositing the 
mixed color spots in the same checkerboard pat- 
terns as shown in Figures 7A and 7B beading will 
not occur, for the reasons explained above. It 

4 
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should be borne in mind that each pixel area will 
contain more ink and a somewhat longer period of 
time is needed to tackify the ink before the second 
complementary checkerboard pattern may be de- 
posited. Since there is so much more ink deposited 
excellent color saturation will be obtained. 

In addition to aggravated beading, due to the 
large quantity of flowable ink in each spot in mixed 
color printing, the color banding problem described 
above will occur when printing, in the known depo- 
sition sequence, in a bidirectional mode. In US-A- 
4,593*295 (Matsufuji et at) the problem is solved, 
in one manner, by the provision of a tandem print 
head having two sets of reverse order mounted 
head cartridges for each color. In our invention 
color banding is eliminated despite the tact that the 
color ordering is reversed in a reverse printing 
pass. The reason will be apparent from an observa- 
tion of Figures 7A and 7B. It can be seen that the 
different mixed color spots (i.e. magenta over cyan 
and cyan over magenta) will be positioned in an 
alternating checkerboard pattern rather than in al- 
ternating lines so that the colors blend and any 
difference will not be perceptible. 

In operation of a liquid ink printer in accor- 
dance with our invention, a suitable substrate will 
be fed into the machine. The recording medium 
may be either paper or an overhead transparency 
film. Its nature will either be sensed automatically 
by a suitable detector (usually a reflectivity or 
transmissivity device) in the printer or by the oper- 
ator. In either case, a switch will be set to control 
the spot pattern sequence. If paper is detected, 
then the known printing sequence of Figure 4 is 
effected. If transparency film is detected, the mode 
of operation will be switched to our multiple pass 
checkerboard print pattern sequence with its atten- 
dant advantages. 



Claims 

1 . A method of ink droplet printing comprising 
selectively depositing ink droplets on a substrate to 
form an image of ink spots, the droplets being 
selectively directed to abutting pixel areas in hori- 
zontal and vertical rows with diagonally adjacent 
ink spots being substantially in perimeter contact, 
characterised by 

depositing a first pattern of ink spots on an area of 
the substrate in horizontally and vertically alternat- 
ing pixel areas, and then depositing a second, 
complementary, pattern of ink spots in the remain- 
ing pixel areas. 

2. The method of defined in claim 1 wherein 
portions of spots of said first pattern overlap por- 
tions of spots of said second pattern. 



3. The method as defined in claim 1 or claim 2 
wherein the step of depositing said second pattern 
is initiated after the last deposited spots of said first 
pattern have achieved a tacky condition. 

s 4. The method as defined in any one of claims 

1 to 3 comprising the further step of detecting the 
nature of said substrate, determining whether said 
substrate is paper or transparency film, and carry- 
ing out said steps of depositing if said substrate is 

w transparency film. 

5. The method as defined m any one of claims 
1 to 4 wherein said step of depositing said first 
pattern is achieved by moving said liquid ink spot 
producing means relative to said area of said sub- 

/5 strate in a first pass, and said step of depositing 
said second pattern is achieved by moving liquid 
ink spot producing means relative to said area of 
said substrate in a second pass. 

6. The method as defined in any one of claims 
20 1 to 5 wherein the diameters of said first and 

second spots are v *2 times the center-to-center 
distance between adjacent horizontal and vertical 
pixels. 

7. The method as defined in any one of claims 
25 1 to 6 including providing liquid ink spot producing 

means for depositing spots of different colors.and 
sequentially energizing said spot producing means 
for depositing spots of different colors so as to 
deposit spots of different colors at the same pixel 
30 locations. 

8. The method as defined in claim 7 wherein 
on said second pass the order of color spots de- 
posited on the said complementary pixel locations 
is the reverse of the order of color spots deposited 

35 on said first pass. 

9. Ink droplet printing apparatus comprising 
means for selectively depositing ink droplets on a 
substrate to form an image of ink spots, the 
droplets being selectively directed to abutting pixel 

40 areas in horizontal and vertical rows with diagonally 

adjacent ink spots being substantially in perimeter 

contact, characterised by 

means for depositing a first pattern of ink 

spots on an area of the substrate in horizontally 
45 and vertically alternating pixel areas, and for then 

depositing a second, complementary, pattern of ink 

spots in the remaining pixel areas. 
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© Improved spot deposition for liquid ink printing. 

© A method of depositing spots of liquid ink upon 
selected pixel centers on a substrate having poor ink 
absorptive properties so as to prevent the flow of 
liquid ink from one spot to an overlapping adjacent 
one. The line of information is printed in at least two 
passes so as to deposit spots of liquid ink on se- 
lected pixel centers in a checkerboard pattern 
wherein only diagonally adjacent pixel areas are 
deposited in the same pass. On the second pass the 
complementary checkerboard pattern is deposited. 



Ink is not deposited on horizontally or vertically 
CO adjacent pixel areas during the single pass since the 
spots on these adjacent areas have overlapping por- 
tions. 
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